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Abstract. Artificial insemination (AI) of sows in World as well as Serbia is a biotechnology 
measure, which is used in for nearly 40 years; this is the case especially in large swine farms. Use of 
frozen-thawed semen was accompanied with various conception rates and often number of piglets, 
which is still small for massive use of this technology on large pig farms. Since deep freezing has a 
great potential for preservation of genetically superior boar semen and is a very good bio security 
measure in prevention of disease transition there is necessity to consider wider use of deep frozen boar 
semen. We have inseminated 65 sows with frozen-thawed semen in order to do comparison of fertility 
of sows inseminated in two different periods. Based on the obtained results we have found better 
fertility during winter that during summer period. Insemination was conducted with total number of 
800×106 spermatozoa per sow in heat. Insemination was done twice in heat after clinically notable 
oestrus. Fertility rates as well as number of piglets per sow were lower than when short preserved 
semen was used. We have discussed in more detail what could have contributed to such results. Deep 
frozen boar semen has great potential but still need investigation in order to reach desirable fertility 
and number of piglets per litter. 
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INTRODUCTION 
 
Artificial insemination (AI) of sows in World as well as Serbia is a biotechnology 
measure, which is used in for nearly 40 years; this is the case especially in large swine farms. 
AI was in Europe introduced in back in 70ies and in US in 90ies last century. Till recent times 
only shortly preserved semen was used for AI since, reasons are numerous among which are 
good conception rates and litter size. Deep frozen semen has been introduced in sow 
insemination programmes some ten years ago. Use of deep frozen semen was accompanied 
with various conception rates and often number of piglets, which is still small for massive use 
of this technology on large pig farms. Since deep freezing has a great potential for 
preservation of genetically superior boar semen and is a very good bio security measure in 
prevention of disease transition there is necessity to consider wider use of deep frozen boar 
semen. In order to achieve as better as possible conception rates numerous trial were 
conducted and nowadays semen of boars which have positive hipoosmotic and thermo 
resistance tests and better productive and reproductive characteristics is used for deep 
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freezing. Since artificial insemination with deep frozen semen gives possibility to rigorously 
monitor health status, genetic and productive results in boars, it presents good bio security 
measure in welfare improvement on swine farms.  
Stratman et al. (1960) have reviewed that on the beginning of sow AI number of 
spermatozoa per dose varied between 5 and 10×l09 spermatozoa per dose. Nowadays average 
dose for sow AI is about 3.25×l09 spermatozoa (in 80 ml volume). Since sows are 
inseminated twice per one inseminated sow 6.5×l09 spermatozoa is being used per sow per 
heat. This is relatively high number of spermatozoa per dose and new strategies for reducing 
number of spermatozoa per insemination are necessary (Belstra, 2002). When inseminating 
sows with lover number of spermatozoa special caution should be taken in order not to reduce 
fertility and to keep it on profitable level (Rath, 2002; Petrujkic et al., 2009). Insemination of 
sows with lover volume and number of spermatozoa demands application of semen deep into 
uterus, especially in case of use of frozen-thawed semen (Rath, 2002; Mezalira et al., 2005). 
Numerous authors suggest pre-ovulatory insemination of sows in order to form a depot of 
spermatozoa in oviduct capable to fertilise ovulated ova. Deep frozen spermatozoa are very 
sensitive and have quite limited time of survival in sow genital tract, in that light artificial 
insemination of sows with frozen-thawed semen must be done in quite narrow time period. 
On the other hand liquid preserved semen has quite short period of usage (mostly up to 7 
days) and therefore limits dissemination of semen genetically most desirable boars to 
geographically distant areas. Therefore use of frozen-thawed semen is in these cases quite 
reasonable solution, since it offers more freedom with storage period, has high bio security 
level (free of most sexually transmittable diseases) but gives very modest results in terms of 
fertility and litter size (rarely more that 10 piglets per litter). Due to all the facts we have 
conducted a trial with an aim to investigate fertility of sows inseminated with frozen-thawed 
semen 
 
MATERIALS AND METHODS 
 
Animals – semen used for deep-freezing originated from three boar breeds (Yorkshire, 
Landrace and Pietren). All animals were in phase of maximal exploitation and aged between 2 
and 3 years. Boars were kept in separate pens and feed according to standard centre procedure 
(Centre for reproduction, sterility and AI, Velika Plana). Prior to freezing boar semen was 
tested for resistance (hipoosmotic and term resistance test), based on the results of these tests 
selection of boars was conducted.  
Deep-freezing of boar’s semen was done according to procedure described by 
Westendorf (1975) modification Bwanga et al. (1990). Semen was packed in plastic pajetes 
volume 0.27 ml, each dose contained at least 100×106 spermatozoa. After collection of 
ejaculate semen was examined, centrifuged, diluted (processed) and packed in plastic pajetes. 
This was followed by cooling at +5°C in duration of 3 hours and afterwards frozen using a 
computer controlled device for freezing semen and embryos from the AI Centre Velika Plana. 
Frozen semen was kept in liquid nitrogen tank (-196°C). Prior to insemination of sows, semen 
was thawed in duration of 1 minute at 38°C and afterward diluted in 80 ml of ANDROHEP® 
CryoGuard™ extender (Minitube, Tiefelbach, Germany). Progressive motility of spermatozoa 
in frozen thawed semen was checked with CASA System-Computer Assisted Semen Analysis 
(Proiser, Valencia, Spain). In order to determine percentage of normal spermatozoa frozen 
thawed semen was stained according to method described by Blom (1950) one drop of semen 
(15 µL) was mixed same volume of commercially prepared eosine-nigrosine stain (Hancock 
II, Alphapanon, Novi Sad, Serbia). Microscopic slides used for Blom staining were previously 
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warmed on 37ºC (in order to prevent cold shock). Determination of percentage of 
spermatozoa with intact head was done on magnification of 400× on dark filed microscope 
(Krüss MBL 2100, Hamburg, Germany), and on that occasion 200 spermatozoa were counted. 
Spermatozoa that were in flooded by stain were classified as dead, beside them spermatozoa 
with defects (head and tail) were counted. Number of dead spermatozoa as well as of 
spermatozoa with deformities was classified as total number of abnormal spermatozoa. 
Sows used for artificial insemination were F1 breed (♀ Landrace × ♂ Yorkshire) and 
farrowing parity between 2 and 5, were introduced into trial based on random basis after 
showing clearly detectible signs of oestrus. Insemination of the sows was done in two periods 
winter-spring (November 2007. to April 2008.) and summer-autumn (May to October 2008.) 
and therefore two groups of sows were formed: WS group (winter-spring) n=30 and SA group 
(summer-autumn) n=35. The dose of deep frozen – thawed semen was 400×106 spermatozoa 
per insemination (4 mini tubes of deep frozen semen by 100×106 spermatozoa each). Semen 
prepared on a previously described way (thawing and redilution) was applied in the uterus of 
sows within a few minutes from preparation using intrauterine catheter (SOW IU Catheter, 
General Medic, Serbia), insemination of sows was done twice. The first insemination in WS 
group of sows was done 24 hours after onset of oestrus and repeated 12 hours after the first 
insemination.  Insemination of sows in SA group was done 30 to 36 h after onset of oestrus 
and repeated after 12 hours.  
Success of insemination was checked by heat no return method as well as on 36th day 
after insemination by ultrasound (Mindray DP 6600).  
 
RESULTS AND DISCUSSION 
 
Semen parameters are given as Mean ± SD and shown in Tab. 1. 
 
Tab. 1 
Average parameters of frozen-thawed semen (CASA analysis) 
 
Breed Number of 
ejaculates 
Gross 
motility % 
Linear 
motility % 
Straight 
forward 
motility 
µm/s 
Average 
movement 
speed µm/s 
Curved 
movements 
µm/s 
Landrace 24 45.7 ± 6.0 31.6 ± 3.9 70.4 ± 2.1 73.9 ± 2.2 109 ± 3.6 
Yorkshire 23 42.7 ± 2.7 31.0 ± 3.0 69.2 ± 2.0 73.0 ± 2.0 100 ± 3.0 
Pietrene 11 36.5 ± 2.5 29.0 ± 1.5 65.0 ± 1.8 72.0 ± 1.6 100 ± 1.3 
 
Progressive motility of spermatozoa in frozen-thawed semen ranged between 29.0±1.5 
to 45.7±6.0 percents, with the remark that best progressive motility was observed in boars of 
Landrace breed 45.7±6.0. Results of semen fertility evaluation are shown in Tab. 2. 
 
Tab. 2 
Result of semen fertility testing, in vivo. 
 
Group of 
sows 
No. of 
inseminated 
sows 
No. of 
farrowed 
sows 
Percentage 
of farrowed 
sows 
Total No. of 
piglets per 
group 
No. of 
piglets per 
furrowed 
sow 
No piglets of per 
inseminated sow 
SA 35 7 19.99% 55 7.85 1.57 
WS 30 9 29.99% 74 8.22 2.46 
Σ 65 16 24.61% 129 8.06 1.98 
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Sows inseminated with low dose 400×106 spermatozoa per insemination were 
inseminated twice in heat (800×106 spermatozoa per sow). Lover fertility was observed in SA 
group of sows (FR=19.99%) compared to WS group of sows (FR=29.99%). Obtained fertility 
rates are by more than two fold lower, compared to classically used short preserved semen.  
Number of farrowed piglets per litter in both groups of sows (SA 7.85; WS 8,22) was 
significantly lover than farm average when using shortly preserved semen and is therefore non 
profitable. 
Low dose insemination (400×106 spermatozoa) 2 times in natural oestrus and different 
fertility rates obtained in our trial indicate need to determine the exact time of ovulation and 
that 2 inseminations with frozen-thawed semen might not be enough. The total number of 
piglets (n=129) from 65 inseminated sows or 1.98 pigs per inseminated sow is very small. 
Einarsson and Viring (1973) and Waberski et al., (1994) state that insemination of sows with 
frozen-thawed semen gives best results if performed 4 hours prior to ovulation while 
insemination of sows 4 hours after ovulation significantly reduces fertility rate (FR).  
Insemination of sows with frozen-thawed boar semen was first time in Serbia 
conducted on a swine farm „Ramski rit", Veliko Gradište in 1992. (Rogožarski et al., 1992). 
Frozen-thawed semen was purchased from Livestock production „Središnji Zavod Križevci“– 
Croatia. Insemination was performed twice per heat with addition of oxitocine into semen. 
From 25 inseminated sows only 12 farrowed with 8.9 piglets per litter. Low conception rate 
and small number of piglets per litter were reasons for not introducing this technique.  
Fertilizing ability of sow ovocites is also short, Holt (2000) states that it is 6 to 8 hours 
so it can also be one of limiting factors when using frozen-thawed semen (Petrujkić et al., 
2008; Squires et al., 2002).  
Petrujkić et al. (2008) have investigated fertility in sows inseminated short preserved 
and deep frozen semen originating from the same boars and have found that short preserved 
semen still has significant advantage compared to deep frozen semen  (91.43% towards 40%), 
these findings are in compliance with findings of Johnson et al. (2000) and Stanković et al., 
(2004). These authors state that reason for this is most probably longer survival of shortly 
preserved spermatozoa in sow oviduct (up to 20 hours) compared to frozen-thawed 
spermatozoa (Eriksson et al., 2002). Insemination was in all these cases done by intrauterine 
catheters, which significantly reduces necessary semen dose (Mezalira et al., 2004; Watson 
and Beha, 2002). Question of number of inseminations in heat and timing of first 
insemination are still subject of discussion since it is well known that spermatozoa that were 
subject to deep freezing are capable to fertilise in sow uterus in period two to six hours (Pursel 
et al., 1978). Obtained results in our trial direct out future investigations on investigation of 
detection of insemination time and selection of boars whose semen is suitable for deep 
freezing. 
 
CONCLUSIONS 
 
Role of AI in progress of swine industry is quite big since it affects large population of 
swine’s. AI is nowadays considered most important biotechnology measure since it allows 
implementation of all advantages done so far on the field of selection and genetics. Use of 
frozen-thawed semen has solid basis for success but results that we have achieved point out 
necessity to further investigate time of insemination and improve fertilization rate. 
Further use of frozen-thawed boar semen is dependant from its success (fertilization 
rate and litter size) and profitability. Use of frozen-thawed boar semen has several advantages 
in terms of genome preservation, transportation, geographical area of use and increased bio 
 422 
 
security (prevention and eradication of sexually transmittable diseases) and disadvantages 
(relatively low fertilisation rate and litter size) which if corrected in future will help 
popularisation of use of this type of semen and A as well.  
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